The objectives of this paper are to estimate technical efficiency in rice production and to assess the effect of farm-specific socio-economic factors on the technical efficiency using survey data from 15 provinces in Indonesia, collected in 2008. A stochastic frontier production function model is used to estimate the technical efficiency of rice farms in each province, and using the model, the influence of socio-economic factors on efficiency is also measured. This study finds that there is a sizeable degree of variation of inefficiency between the 15 provinces. It also finds that factors like land size, income and source of funding are influential determinants of technical efficiency. In terms of age, it also found that younger farmers tend to be more efficient. Expanding the agricultural area, especially outside Java and Sumatera Islands, improving farmers' income and giving an incentive to young people to work in the agricultural sector will enhance technical efficiency and thus productivity, as well as the overall rice output
Introduction
Currently, in the Indonesian context, the technical efficiency of rice farming is an important concern mainly because of its important role in maintaining domestic food security and as well as improving agricultural development. Rice is staple food that consumed by most Indonesian and the per capita consumption shows that it is higher compared to neighbouring countries. With a total population of approximately 235 million in 2007, the per capita rice consumption reached approximately 130-139 kilograms per year, while in Thailand and Japan the consumptions are 79 and 52 kilograms respectively (BPS, 2007) .
Despite the important of rice sector in the Indonesian economy, this sector has been facing a significant challenge, especially in increasing the production at the level above the domestic consumption rate. Recent figures show that not only rice, but most of Indonesia's agricultural products, experience slower growth in total factor productivity (TFP) (World Bank, 2010) . The agricultural TFP growth fell from 2.35 per cent per year in 1968-92 to annual contractions of 0.58 per cent from 1993 to 2001 (World Bank, 2010) . Such conditions eventually contribute to the slow growth of job creations in rural areas.
Based on the above unfavourable condition especially in the productivity of rice farming and agricultural sector in Indonesia, it is then very important to improve the sectoral performance, not only in the context of food security and jobs creation, but also from the perspective of rural areas development. The objective of this paper is to quantify the technical efficiency of rice farm by using survey data from 15 provinces in Indonesia in 2008, as well as to assess the factors that contribute to the technical efficiency. To achieve this objective, this paper employs stochastic production function and inefficiency effect model. In the context of literature on technical efficiency of rice farming in Indonesia, the present study extends the literatures in two ways. First, it utilizes the survey data from 15 provinces, which mainly become the major regions of rice farming in the country. Second, based on the quantification of technical efficiency, this paper tries to analyse both factors of production as well as socio-economic characteristics, contributes to the efficiency of rice farming. This paper is organized as follows. Section 2 reviews the relevant literatures on efficiency studies in rice farming. Section 3 explains briefly the stochastic frontier model and specification of the functional forms. The empirical results are presented in section 4 and some conclusions are drawn in section 5.
A Brief of Literature
Frontier models have been widely applied in agricultural studies (for example: Battese & Coelli, 1992; Bravo-Ureta & Pinheiro, 1993; and Xu & Jeffrey, 1998) . In the context of South and South-East Asian regions, rice production efficiency study has recieved a substantial attention (see for example: Balcombe et al., 2007; Coelli, et al., 2002; Dhungana, et al., 2004; Rahman, 2010; Rahman & Rahman, 2009; Rahman, et al., 2009; Tan, et al., 2010; Wadud & White, 2000; Yao & Shively, 2007) . In the case of India, some studies were also conducted, including by Battese et.al (1989) , Battese and Coelli (1992) , and Battese & Coelli (1995) . All three of these studies has a common approach which was using stochastic frontier production function. The results of these studies also showed some similarities, although in Battese & Coelli (1995) , the research not only focusing on the estimation of frontier production function, but also tries to develop the inefficiency effects model. From the inefficiency effects model, Battese & Coelli (1995) found that age and education level of farmers, farm size and years of observation significantly affect agricultural production inefficiencies in the two villages were examined, namely Kanzara and Shirapur. While in the other villages, Aurepalle, the inefficiency were not significantly influenced by age and education variables farmers, farm size.
Bravo-Ureta and Pinheiro (1997) conducted a study on efforts to increase productivity by improving the efficiency of small-scale farming in the Dajabon region, Dominican Republic. The study uses two stages, where the first stage of Bravo-Ureta and Pinheiro (1997) estimate the stochastic production function to obtain the technical efficiency, allocative and economic efficiency levels by using maximum-likelihood method. In the second stage, Bravo-Ureta and Pinheiro (1997) used Tobit models to estimate the effect of various attributes of farmers on efficiency.
In the case study in China, Xu and Jeffrey (1998) and Tian and Wan (2000) estimate the efficiency of rice farming. Xu and Jeffrey (1998) try to analyse the differences in the production of conventional rice and hybrid rice farming by using a dual decomposition efficiency stochastic frontier models. The model involves several variables of which the location, chemical fertilizers, bio fertilizers, machinery, and pesticide. The results of the study showed significant differences in technical and allocative efficiency between conventional rice farming and the production of hybrid rice. Xu and Jeffrey (1998) and Tian and Wan (2000) found that education has a positive effect on technical efficiency of rice farming. Tian and Wan (2000) also found that multi-cropping index has a negative effect on the level of technical efficiency. Several other studies using the same method in analysing technical efficiency and inefficiency effects, such as Idiong (2007) in the case in Nigeria, Khan et al. (2010) in Bangladesh, and Khai and Yabe (2011) 
In other studies, Krasachat (2003) and Dhungana et al (2004) measure and investigate technical efficiency in Thailand and Nepal, respectively. Both use deterministic models to measure the level of technical efficiency, while the inefficiency effects obtained from the Tobit models. In the case of Thailand, Krasachat (2003) found the average overall technical efficiency is 0.71 and the variable of land affect significantly the level of efficiency. Meanwhile, in the case of Nepal, Dhungana et al (2004) found that differences in the level of inefficiency among farmers are the result of differences in the intensity of the use of resources such as seed, labour, fertilizer and mechanical equipment.
The same method is used by Javed et al (2010) in the analysis of rice and wheat farming in Pakistan. The results of the study revealed that the average technical efficiency in rice-wheat farming system is 0.83, and the result from inefficiency models indicate that length of study, the number of contacts with advisor, and access to credit have a negative effect on inefficiency.
In the context of Indonesia, there is only a few empirical studies concerning technical efficiency of rice farming. Some that can be mentioned are Fabiosa, Jensen, and Yan (2004) , Rada, Buccola, and Fuglie (2010) , and Brazdik (2006) . Brazdik (2006) evaluates the technical and scale efficiency of rice farms in West Java and to identify determinants affecting farms' efficiency and the result shows that farm size is one of the most important factors of farm's technical efficiency and that high land fragmentation was the main source of the technical inefficiency during the final period of the intensification era. Furthermore, Fabiosa et.al (2004) examine the impact of macroeconomic shocks on the efficiency of small farmers and conclude that productive efficiency declined by 7 to 22 percent during the crisis, largely because of a decline in technical efficiency and a relatively large volatility in efficiency.
However, in the context of Indonesia, there is no study that compare the rice farming technical efficiency of each region in Indonesia and identify the common and specific characteritics which influence its technical efficiency. Consequently, this paper contributes to fill the the current gap by estimating and comparing technical efficiency among regions and identify the common and specific characteristics which contribute to the technical efficiency in each region.
Model and Data

The Basic Model
The stochastic frontier model which also called composed error model was introduced by Aigner et al. (1977) and Meeusen and van den Broeck (1977) . The basic model of stochastic frontier can be represented as follows.
where y = output, x = input vector, β = parameter vector, ε = error term, i = firm or production unit. The error term ε, consists of two independent components,
where v i is two-sided error term which represents statistical noise which is assumed to be i.i.d 0, and u i ≥ 0 is one sided error term that represents technical inefficiency, assumed to be independent to v i and x i . Another assumption is that error component u i = |U i |, where U i is i.i.d 0, . This assumption implies that u i is half-normal. However, the assumption can be replaced by other assumption such as truncated-normal (Stevenson, 1980; Battese and Coelli, 1992) and two-parameter gamma (Greene, 1990) .
Based on those assumptions, the model can be estimated using Maximum-Likelihood Estimation (MLE). Aigner et al. (1977) derives log likelihood function based on the following:
Furthermore, ALS (1977) expresses the likelihood function in the form of two variance parameters, which are and / . is an indicator of variability in two sources' random errors, which then differentiate one production unit to the other. The likelihood function therefore can be expressed as follow.
where, and F are standard normal conditional distribution function (cdf). The ML estimator is derived from the maximization of (4) with respect to the parameters , , .
If y in logarithm, hence the technical efficiency of production unit i can be expressed as follow (5) and technical inefficiency is 1 . The prediction of the above technical efficiency requires estimates of the . The best predictor for is conditional expected value of given . This condition was stated and applied in the stochastic frontier model of Jondrow et.al (1982) . Jondrow et.al (1982) show that
where ⁄  * / * and / , while f and F are cdf respectively. Since  * and * are unobservable, hence the parameters can be replaced by the estimates of respective parameters. Referring to Battese and Coelli (1988) , the technical efficiency of production unit of i is
where Φ • is the cdf.
Functional Forms and Variables
This paper will use the most appropriate functional forms by employing the log likelihood ratio test to the Cobb-Douglas and translog models. The Cobb-Douglas specification is presented as follow.
where y = output, = the j-th input, i = i-th farmer, , and , = parameters. Transforming into logarithm form yields; www.ccsenet.org/ass Asian Social Science Vol. 11, No. 3; 2015 ln ln ln
The detail model specification for the case of paddy production is:
where y represents the quantity of freshly threshed rice paddy (in tonnes); is the harvest area (in hectares);
is quantity of seeds used in the farming areas (in kilograms); is fertilizer (in kilograms); is pesticide applied (in kilograms); is hired labourers input (person-days); labour input by family (person-days);
is dummy variable for other cost of rice farming, such as land rent, farming equipment, credit interest, land tax, fuels, and others (D = 1, if other costs are positive, D = 0 otherwise); is stochastic noise, assumed to be i.i.d 0, ; is non-negative random variable which is called inefficiency effect, assumed to be distributed as absolute value from 0, ; and β is unknown parameter to be estimated along with the variance parameters, which is formulated in the form: and / .
The second specification is the translog model, which is given by:
where the variables are as previously defined.
As a special case of translog model, the Cobb-Douglass functional form imposes restrictions on the technology by imposing constant production elasticity and elasticity of input substitution equals to unity. Therefore, this paper will test the Cobb-Douglas against the translog function to determine whether it is an adequate representation of the data.
Based on the appropriate model, the next procedure will be hypothesis test for λ which will determine whether there is inefficiency effect or not. Given the result of hypothesis test procedure, the technical inefficiency model is defined as follow (Battese & Coelli, 1995) :
Where the s are unknown parameters; Z 1 is income of farmer million rupiah per month); Z 2 is dummy for farmer's education attainment (1 if farmer finishes high school, 0 otherwise); Z 3 is farmer's age (year); Z 4 is dummy for farmer's other job (1 if farmer has other job, 0 otherwise); Z 5 is dummy for irrigation facility (1 if rice field irrigated, 0 otherwise); Z 6 is dummy for financial source for farming (1 if self-funding, 0 otherwise), Z 7 is dummy for government assistance (1 if government assisted, 0 otherwise); Z 8 is dummy for dry season (1 if production in drought condition, 0 otherwise); Z 9 is dummy for rainy season (1 if production in rainy season, 0 otherwise); Z 10 is dummy for cultivating area (1 if area more than 5000 m2, 0 otherwise); and Z 11 the ratio of labour per hectare. Vol. 11, No. 3; 2015 This study uses data from the 3454 rice farmers in 15 provinces in Indonesia based on a survey of business cost structure of rice plants (SOUTP) conducted by the Central Statistics Agency (BPS) of Indonesia in 2008.
Descriptive Statistics
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Empirical Result
Production Frontier Estimates
A likelihood ratio (LR) test can be employed to determine which model specification is better. In this study, the LR test was conducted to compare the Cobb-Douglas production function model against the translog model. The null hypothesis of the test is that the appropriate model is Cobb-Douglas production function, while the alternative hypothesis is that the translog model is more representative in explaining production function of rice farming in all 15 provinces. The chi-square values obtained from the test are presented in Table 3 . The test result shows that in most of the cases the null hypothesis was rejected (except for Bali, Nusa Tenggara Barat, and Kalimantan Barat) and it was concluded that in 12 provinces, the translog specification fitted the data better than the Cobb-Douglas counterpart. (***), (**) (*) indicates respectively that the value of the statistic is significant at 1, 5 and 10 percent
The result of parameter estimates for land area variable shows a positive and statistically significant coefficient in 11 provinces, which means that an increase in land area will have a positive impact on rice farming. Since the coefficient is obtained from the log-log model, then the coefficient can be interpreted as land area elasticity of rice farming. This elasticity varies in each province, and is in the range 0.3 to 4.4. It means that in some provinces the relationship between the land area and rice farming is inelastic, but in some other provinces, is quite elastic. The coefficients of square of land size are negatively significant in the case of SUMSEL, LAMPUNG, JABAR, and BANTEN, which imply that the rice farming function in those province exhibits www.ccsenet.org/ass Asian Social Science Vol. 11, No. 3; 2015 diminishing return. This means that adding more land area will reduce the marginal productivity of land at some point.
An interesting result is shown by the coefficients of fertilizer in 11 provinces. Although the coefficients are statistically significant, the signs are not consistent from one province to other. For example, in the case of SUMSEL, LAMPUNG, JABAR, and JATENG, the coefficients are negative, which mean that an increase in the use of fertilizer in the production process will have a negative impact on rice farming. One possible explanation for this result is that the fatigue condition of land. It is because all the provinces above have intensively used fertilizer in rice farming more than other province. Hence the impact of additional use of fertilizer might harm the productivity capacity of rice farming. This notion is also supported by the coefficients of square of fertilizer that are negatively significant in 5 provinces, implying diminishing return.
In the case of pesticide use in rice farming process, the coefficients are not significant in most of all provinces, except for SUMUT, LAMPUNG, JABAR, BALI, and KALBAR. The coefficients' sign also show mixed result but in all, the pesticide elasticity of rice farming is very low.
Another interesting result is shown by coefficient of labour, where there are only 7 provinces in which labour has an impact to rice farming. Even, in the case of 2 provinces, SUMSEL and JATIM, the labour coefficient is negative, implying that an increase in labour hour in production process will have a negative impact on output. Moreover, in the case of JATIM, it can be seen that the use of labour in the paddy production exhibits the minimum function since the parameter of squared land is positive. It may be concluded that at some stage after passing the minimum amount of labour required, an increase of this input will increase the output.
Additionally, the cross effect coefficient indicates the relationship between two inputs. The result shows that generally land and seed, land and fertilizer, seed and fertilizer, seed and labour, fertilizer and pesticide, fertilizer and labour are complementary inputs. Whereas, on average land and pesticide, land and labour, land and other cost, seed and pesticide, seed and other cost, pesticide and other cost and labour and other cost are substitution inputs.
Inefficiency Effect Estimates
Moving forward into the analysis of inefficiency model, it is required to identify whether the inefficiency model can accurately represent the rice production function characteristics. In order to meet that condition, it is necessary to conduct Likelihood Ratio (LR) test. In LR test, the efficiency model becomes the unrestricted model, whereas the standard model (without inefficiency effect) becomes the restricted one. The result of the LR test is represented in Table 5 . The LR test shows that inefficiency effect exists in the rice stochastic frontier production model in all provinces. The inefficiency effect is also supported by the value of gamma parameter which is quite big and statistically significant. The maximum likelihood estimates of inefficiency effects model is presented in Table 6 . From the table it can be seen that the coefficients of income in all provinces, are found to have the expected signs. The income variable has a significant positive association, indicating that as the income of farmer increased, the farmer has the ability to use better inputs in the production process, which in turn increase the production efficiency.
www.ccsenet.org/ass Asian Social Science Vol. 11, No. 3; 2015 In the context of education variables, the estimation results show that in almost all provinces, the coefficient of education has no significant effect on the level of efficiency of rice farming. There are only 4 provinces that show a negative effect of education on rice farming efficiency. These results may be attributed to the age background of the majority of farmers that are above 45 years, so that the effect of education is not significant on the production efficiency changes.
The analysis of the education variable above is confirmed by the estimates of age coefficient, which show that the age variable has a significant negative association, indicating that younger farmers tend to be more efficient. Moreover, having another job for farmer has influence to the production efficiency only in a few provinces. In some provinces such as SUMSEL and JATENG, having another job improves the efficiency through improvement of income and skill of farmer, while in other provinces, the job in fact has a negative impact on efficiency. Note, (***), (**) (*) indicates respectively that the value of t statistic is significant at 1, 5 and 10 percent, figure in parantheses is standar error
In terms of source of financing, the financial coefficients show significant and positive signs, which mean that as the source of financing comes from farmer, the production will be less efficient compared to the case of external source of financing. A limited amount of fund of farmer will constrain farmer in applying better inputs such www.ccsenet.org/ass Asian Social Science Vol. 11, No. 3; 2015 seeds, fertilizer, tractor machine, and other materials in the rice farming, therefore the source of financing in rice farming influences efficiency. Furthermore, the government assistance has a different effect on technical efficiency. In SUMUT, JABAR, BANTEN and SULSEL government has a positive influence to increase the efficiency. On the other hand, in the others, the government assistance may not have impact to improve the efficiency.
Another appealing result is that the cultivated area and labour ratio have a similar effect on technical efficiency. On average, a wider land area a lower technical efficiency will be. It could occur because an increase of land used may not be followed by an increase of other important inputs hence the economic scale cannot be exhibited. This circumstance supports the diminishing return condition resulted from production function estimation. Similarly, when the ratio of labour engaged is higher, the technical efficiency tends to be lower.
Climatic factors or the season is also a factor that is important in the process of rice farming in Indonesia. This factor indicated by the dummy variable of dry season and the rainy season. Based on the estimates, when there is a dry season, some provinces experience a lower efficiency in rice farming. Meanwhile, during the rainy season, the impact varies among provinces. But in general, in the case of flood, the level of production efficiency is also decreased significantly.
Technical Efficiency Indexes
The average farm-level technical efficiencies of the 15 provinces are predicted based on the maximum-likelihood estimates. The estimates are presented in Table 7 . The results show a wide variation in the level of technical efficiencies across provinces. For example, the minimum and maximum technical efficiencies in the 15 provinces are 11 per cent and 100 per cent, respectively. With respect to mean value, out of the sample of 15 provinces, 47 per cent have technical efficiency of 80 per cent or below, while the remaining 53 per cent have technical efficiency of higher than 81 per cent. Overall, the mean technical efficiency is about 77 per cent, indicating that the average farm produced only 77 per cent of the maximum attainable output for given input levels in 2008. This shows that there is considerable possibility for enhancing the technical efficiency, and thus productivity as well as the overall rice output. The higher degree of variability of technical efficiency estimates between provinces can be attributed to the instability of farming conditions. 
Conclusion
This study uses stochastic production frontier to estimate farm level technical efficiency using input and output data from 15 provinces in Indonesia in 2008. The results indicate sizeable degree variation of inefficiency in all provinces, which imply considerable possibility for enhancing the technical efficiency, and thus productivity as well as the overall rice output. In general, land input has a significant contribution in most of the provinces. However in some provinces there is a tendency of diminishing return, especially in Java and Sumatera islands.
The study also analyses the inefficiency effects to evaluate the factors influencing the inefficiency. Results indicate that improving farmer's income will increase the technical efficiency of rice farming by allowing farmer to improve the quality of their production factors. Further results also show that giving incentive to people in productive age to work in the rice farming will enhance the technical efficiency as well as productivity of rice www.ccsenet.org/ass Asian Social Science Vol. 11, No. 3; 2015 production. The improvement of government assistance, especially with respect to financial aspect will also enhance the technical efficiency, since the assistantships will reduce the farmer's constraint in applying better inputs such seeds, fertilizer, tractor machine, and other materials in the rice farming.
